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Background  
Sport-related concussion (SRC) increases the risk of subsequent musculoskeletal injury, 
yet the mechanisms underlying this vulnerability remain unclear. Fear of movement 
(kinesiophobia) may contribute to impaired motor control. 

Purpose  
This study examined kinesiophobia and postural stability in adolescent athletes at 
return-to-play (RTP) after SRC and evaluated changes six months later. 

Design  
Observational analytical study with cross-sectional (case-control) and prospective cohort 
components. 

Methods  
Thirty-seven concussed athletes (15.7 ± 1.3 years, 45.9% female) and 17 matched controls 
(16.4 ± 2.1 years, 52.9% female) completed static single-leg stance and dynamic 
single-leg landing tasks under single- and dual-task (Stroop) conditions. Fear of 
movement was measured with the Tampa Scale for Kinesiophobia (TSK-11). A subset of 
12 concussed athletes and eight controls repeated testing at six months. Postural 
stability was quantified using ground reaction forces; higher values indicated worse 
performance. Group differences at RTP were examined using independent-samples t-tests 
or Mann-Whitney U tests. Longitudinal changes from were examined using 
paired-samples t-tests or Wilcoxon signed-rank tests. Effect sizes and exact p-values 
were reported, with α set at .05. 

Results  
At RTP, concussed athletes reported higher TSK-11 scores than controls (18.6 ± 4.2 vs. 
15.6 ± 3.9, p = 0.013, d = 0.74). No significant group differences were observed for static 
or dynamic postural stability under single- or dual-task conditions (all p > 0.12). Within 
the concussion group, those with higher TSK-11 scores consistently showed poorer 
stability, although this difference was not statistically significant. At six months, 
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concussed athletes demonstrated moderate improvements in TSK-11 (17.0 ± 3.9 to 13.4 ± 
6.9) and dual-task dynamic stability, but changes did not reach statistical significance. 

Conclusions  
Adolescents cleared for RTP after SRC exhibited elevated kinesiophobia, despite having 
balance performance comparable to controls. Screening for fear of movement may help 
identify athletes at risk for delayed recovery or reinjury, complementing standard 
postural stability assessments. 

Level of Evidence    
3 

INTRODUCTION 

Sport-related concussion (SRC) symptoms generally resolve 
within 7-10 days, with approximately 80% of collegiate ath
letes meeting clinical return-to-play (RTP) criteria within 
two weeks.1 Yet, these individuals face a twofold increase 
in subsequent lower extremity injury and concussion risk in 
the months following RTP.2 Although impairments in reac
tion time, neuromuscular control, and sensorimotor inte
gration have been implicated in this elevated risk, they do 
not fully explain the observed injury incidence.3‑11 In addi
tion to these neuromotor deficits, recent work suggests that 
psychological responses to concussion, such as kinesiopho
bia, may further exacerbate post-SRC vulnerability.12‑14 

Kinesiophobia, which is defined as an excessive and de
bilitating fear of movement or reinjury,15 has been exten
sively studied in musculoskeletal rehabilitation settings. 
Yet, its role in concussion recovery is less understood. El
evated kinesiophobia may directly influence neuromotor 
control by promoting protective movement strategies. 
Specifically, fear of reinjury has been shown to lead to in
creased muscle co-contraction around the knee and ankle, 
which reduces joint compliance.16,17 In concussion cohorts, 
the Tampa Scale of Kinesiophobia (TSK) has demonstrated 
high reliability, and elevated scores within days of injury 
predict prolonged clinical recovery.18,19 For example, col
legiate athletes reporting high kinesiophobia acutely post-
SRC require, on average, 2.5 days longer to RTP than those 
categorized as having low kinesiophobia.19 However, these 
observations are confined to acute assessments and do not 
address whether sustained movement fear perpetuates sen
sorimotor deficits or increases subsequent injury suscepti
bility. 

Dual-task paradigms that combine a cognitive interfer
ence challenge (e.g., Stroop task) with gait or balance as
sessments have revealed persistent sensorimotor deficits in 
concussed populations.20‑23 In a prospective study of con
cussed adolescents, dual-task gait revealed significant im
pairments in walking speed, anterior center of mass veloc
ity, and medial-lateral sway persisting up to two months 
post-SRC.24 Conversely, a larger cross-sectional sample of 
128 adolescents showed no clear relationship between 
acute TSK scores and dual-task gait or balance error out
comes at roughly ten days post-concussion, despite nearly 
30 percent reporting clinically significant fear of move
ment.14 Together, these findings suggest that traditional 
dual-task gait and static balance measures may miss subtle 

but potentially important impairments linked to fear of 
movement. To address this, more sensitive dynamic stabil
ity measures are needed. The Dynamic Postural Stability 
Index (DPSI), which quantifies post-single-leg-hop landing 
stability in three planes, offers a more challenging and 
sport-specific assessment of neuromotor control under cog
nitive control. 

The current study had two primary aims. First, this study 
examined kinesiophobia and postural stability in adoles
cent athletes at RTP after SRC compared with age- and 
sport-matched uninjured athletes. It was hypothesized that 
at RTP, concussed athletes would demonstrate greater dual-
task instability than the controls, and the high-fear sub
group would perform worse than the low-fear subgroup. 
Second, this study evaluated changes in kinesiophobia and 
postural stability in concussed athletes six months later. It 
was hypothesized that both measures would converge to
ward control values over that time interval. Results from 
this study could provide clinicians with evidence and a cor
responding rationale to incorporate brief kinesiophobia 
screening and dual-task balance assessments into RTP pro
tocols, thereby improving identification of athletes at risk 
for delayed recovery or subsequent injury. 

METHODS 

The current study was an observational case-control study 
with a 6-month longitudinal follow-up. This study was ap
proved by the Institutional Review Board at Duke University 
(Pro0081148). All participants provided written informed 
consent before participation. 

PARTICIPANTS 

For Aim 1, 37 concussed athletes (45.9% female) and 17 un
injured controls (52.9% female) completed testing. Exclu
sion criteria included having a history of three or more con
cussions or a lower-extremity injury that caused more than 
one day of time loss from sport. For Aim 2, a convenience 
subset of 12 concussed athletes (41.7% female) and eight 
controls (50.0% female) returned six months later. 

EXPERIMENTAL INSTRUMENTATION 

Ground reaction forces were collected via a single force 
plate (AMTI, Watertown, MA) at 1200 Hz for all postural 
stability tests. Visual stimuli were presented on an 80-inch 
high-resolution monitor (NEC, Irving, TX) positioned at 
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eye level to maintain consistent visual engagement across 
tasks. 

EXPERIMENTAL PROTOCOL 

All testing was conducted in the human performance lab
oratory under single-task (motor only) and dual-task (mo
tor and cognitive) conditions. Dual-task trials incorporated 
a visual Stroop task to impose cognitive load during balance 
testing. Participants were shown color words (e.g., “blue”) 
displayed in incongruent font colors and instructed to ver
bally identify the written word, not the font color. This par
adigm creates cognitive interference and has demonstrated 
reliability in previous studies.25 Trial accuracy was not con
sidered because the primary objective was to apply a stan
dardized cognitive load rather than evaluate individual cog
nitive differences. A one-minute seated rest was provided 
following every five trials to minimize fatigue. This protocol 
has demonstrated strong test-retest reliability for dynamic 
postural stability metrics across all movement directions 
(ICC = 0.71 – 0.94).25 All assessments were administered by 
trained study personnel following a standardized protocol 
to ensure consistency across participants. 

STATIC POSTURAL STABILITY TESTING 

Static balance testing was performed barefoot under three 
conditions: 1. Eyes open, 2. Eyes closed, and 3. Eyes open 
with the Stroop task. During testing, participants stood on 
their self-reported dominant leg with the non-dominant 
foot placed along the midshaft of the opposite tibia, hands 
on hips, and eyes directed forward. They were instructed 
to maintain balance without flexing the stance leg, moving 
the foot, or contacting the raised limb. Touchdowns were 
permitted only if the non-dominant foot remained within 
the boundaries of the force plate; trials with external 
touchdowns were discarded and repeated. Each participant 
completed three trials per condition (9 total trials), with 
each trial lasting 10 seconds. 

DYNAMIC POSTURAL STABILITY 

Dynamic postural stability was assessed using a single-leg 
landing task performed under both single-task and dual-
task (i.e., Stroop task) conditions. Participants began each 
trial by standing at a distance equal to 40% of their respec
tive height from the designated landing zone. A 12-inch 
hurdle was placed at the midpoint (20% of participant 
height) between the starting point and landing zone. From 
this position, participants jumped off both feet over the 
hurdle and landed on their dominant leg. Upon landing, 
they were instructed to immediately adopt the static bal
ance position, hands on hips, non-dominant foot placed 
along the midshaft of the stance leg tibia, and maintain it 
for 10 seconds. Any trial involving a touchdown or devia
tion from the balance position was excluded and repeated. 

Single-Task Condition: Participants performed five valid 
trials of the landing task without any cognitive load. A min
imum of three and a maximum of six practice trials were 

allowed immediately prior to data collection to ensure task 
familiarity. 

Dual-Task Condition: For the dual-task condition, the 
Stroop task was integrated into the landing sequence. Par
ticipants completed three Stroop task trials before initiat
ing the jump. Immediately after landing, they resumed the 
Stroop task and continued responding for the 10-second 
balance period. One to three practice trials were permit
ted immediately before test trials began. As with the single-
task condition, five valid dual-task trials were collected. 

KINESIOPHOBIA MEASURE 

The Tampa Scale for Kinesiophobia (TSK-11) is an 11-item 
self-report measure used to assess fear of movement and 
reinjury.15 Each item is rated on a 4-point Likert scale (1 
= “strongly disagree” to 4 = “strongly agree”), with total 
scores ranging from 11 (low) to 44 (high). Initially devel
oped for individuals with low back pain, the TSK-11 has 
demonstrated strong reliability and validity across various 
clinical populations. The TSK-11 has shown good internal 
consistency (α = 0.79), test-retest reliability (ICC = 0.81), 
and responsiveness (SRM = –1.11).26 A cutoff score of ≥25 
was used to indicate high kinesiophobia.27 Consistent with 
prior studies, a modified version was administered to par
ticipants in the concussion group, referencing their most 
recent concussion.18 Control participants completed the 
scale in the context of any prior injury. 

DATA PROCESSING 

Force plate data were filtered using a 12 Hz low-pass But
terworth filter, exported, and processed with a custom 
MATLAB script. For static postural stability, the standard 
deviation of the ground reaction forces in the anterior/pos
terior, medial/lateral, and vertical directions was measured 
over each 10-second trial. Three trials were averaged for the 
final analysis with a higher score indicating worse postural 
stability. The primary variable for dynamic postural stabil
ity testing was the dynamic postural stability index (DPSI) 
(Figure 1). The DPSI is a composite of anterior/posterior, 
medial/lateral, and vertical ground forces. It was calculated 
using the first three seconds of the ground reaction forces 
following initial contact after landing during the jumping 
tasks. Similar to the static postural stability task, a higher 
DPSI signifies worse postural stability. Three trials were av
eraged for dynamic postural stability testing to be used for 
statistical analysis. 

STATISTICAL ANALYSIS 

Descriptive statistics (mean ± SD or median [IQR] for non-
normal data) and assumption checks (Shapiro–Wilk and 
Q–Q plots for normality; Levene’s test for homogeneity 
of variances) were conducted for all variables. Variables 
that violated normality were analyzed with nonparametric 
methods. 

To test Aim 1, independent-samples t-tests (with 
Welch’s correction when Levene’s test was significant) were 
used for normally distributed outcomes, and Mann–Whit
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Figure 1. Dynamic Postural Stability Index (DPSI) Calculation       

Table 1. Participant Demographics Based on Test Timepoint, presented as mean ± standard deviation or number               
(%).  

RTP RTP + 6 months 

Concussed (N=37) Control (N=17) Concussed (N=12) Control 
(N=8) 

Age (years) 15.7±1.3 16.4±2.1 16.1±2.2 16.5±1.8 

Height (cm) 171.1±9.3 170.1±8.5 169.3±8.0 170.3±6.9 

Mass (kg) 65.4±13.6 66.0±10.8 66.0±10.8 65.6±9.7 

Sex N (%) N (%) N (%) N(%) 

Female 17 (45.9) 9 (52.9) 5 (41.7) 4 (50.0) 

Male 20 (54.1) 8 (47.1) 7 (58.3) 4 (50.0) 

RTP= return to play 

ney U tests for skewed outcomes. Concussed athletes were 
further stratified into Low (TSK-11 < 25) and High (TSK-11 
≥ 25) fear-of-movement subgroups, and between-group dif
ferences in postural stability indices were examined with 
independent-samples t-tests or Mann–Whitney U tests as 
appropriate. Effect sizes for t-tests (Cohen’s d) and non
parametric tests (Pearson’s r) are reported, along with exact 
p-values.28,29 Cohen’s d was interpreted as small (0.20), 
medium (0.50), or large (0.80), and Pearson’s r was inter
preted as small (0.10), medium (0.30), or large (0.50). 

To test Aim 2, paired-samples t-tests were applied to 
normally distributed measures and Wilcoxon signed-rank 
tests to non-normal measures. Within-subject effect sizes 
(dz for t-tests; r for Wilcoxon) and exact p-values are pro
vided.29 Effect sizes were interpreted using conventional 
thresholds, with dz values of 0.20, 0.50, and 0.80 repre
senting small, medium, and large effects, respectively, and 
r values of 0.10, 0.30, and 0.50 representing small, medium, 
and large effects, respectively. All analyses were performed 
in SPSS Version 28 (IBM Corp., 2021) with α = .05. 

RESULTS 

Demographic details by group and time point are shown in 
Table 1. The mean interval from concussion diagnosis to 
RTP testing was 41.7 ± 18.5 days. 

PERFORMANCE AT RETURN TO PLAY 

FEAR OF MOVEMENT AT RTP 

Concussed athletes reported higher fear of movement than 
controls at RTP (t(54,2) = 2.62, p = 0.013), with a mean dif
ference of 3.02 points between groups. 

POSTURAL STABILITY AT RTP 

Means, standard deviations, and medians for postural sta
bility testing and TSK-11 scores are shown in Table 2. Sin
gle-leg eyes-open postural stability, single-leg eyes-closed 
postural stability, and single-leg dual-task postural stabil
ity showed data that were not normally distributed. 
Whereas the dynamic postural stability index and the dy
namic dual-task postural stability index were found to have 
normally distributed data. No statistically significant differ
ences were found between the concussed and control group 
means for postural or dynamic stability indices. 

No significant difference existed in composite DPSI be
tween concussed athletes and controls at RTP (U = 369, p 
= 0.639), suggesting similar dual-task postural stability be
tween groups at the initial timepoint despite non-normal 
data distribution. Discuss effect sizes, please 

TSK- 11 LOW VERSUS HIGH CONCUSSED GROUP 

No statistically significant differences were found between 
the low and high TSK-11 subgroups on any postural sta
bility measure (Table 3). However, the high-TSK group 
demonstrated directionally worse performance across pos
tural stability indices, suggesting that fear of movement 
may be associated with subtle balance differences that were 
not statistically significant in this sample. 

PERFORMANCE AT SIX-MONTH FOLLOW-UP 

Scores for the TSK-11 decreased from 17.00±3.92 at RTP 
to 13.36±6.85 at follow-up. Although this change was not 
statistically significant, it demonstrated a moderate effect 
size (d = 0.53), suggesting a meaningful psychological im
provement over time. Similarly, dynamic postural stability 
under dual-task conditions showed improvement, with the 
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Table 2. Concussed and Control Group Postural Stability Data at RTP.          

Concussion 
N=36 

Control 
N=18 

Mean±SD Median Mean±SD Median 
p - 

value 
Effect 

Size 

Single-Leg Eyes Open Postural Stability 11.91±4.20 11.22 10.72±4.11 9.81 0.296a r=0.14 

Single-Leg Eyes Closed Postural 
Stability 

23.63±7.31 21.91 21.31±9.70 18.63 0.128a r=0.21 

Single-Leg Dual-Task Postural Stability 12.04±3.52 11.83 10.93±4.22 10.41 0.287a r=0.14 

Dynamic Postural Stability Index 0.35±0.04 0.37 0.36±0.04 0.36 0.716b d=0.25 

Dynamic Dual-Task Postural Stability 
Index 

0.36±0.04 0.37 0.37±0.04 0.36 0.852b d=0.25 

TSK-11 18.58±4.16 18.00 15.56±3.91 15.00 0.013b d=0.74 

a p-value based on Wilcoxon rank-sum test. b p-value based on t-test. 

Table 3. Concussed TSK- 11 Low and High Group Postural Stability Data at RTP.             

Low TSK-11 
N=12 

High TSK-11 
N=24 

Mean±SD 
Median 

Mean±SD 
Median p - 

value 
Effect 

Size 

Single-Leg Eyes Open Postural Stability 11.15±3.65 10.95 12.18±4.61 10.97 0.506a r=0.02 

Single-Leg Eyes Closed Postural 
Stability 

20.57±5.92 21.62 25.19±7.73 20.34 0.078a r=0.27 

Single-Leg Dual-Task Postural Stability 10.69±2.99 11.65 12.53±3.67 10.92 0.142a r=0.08 

Dynamic Postural Stability Index 0.36±0.03 0.37 0.37±0.04 0.36 0.539b d=0.27 

Dynamic Dual-Task Postural Stability 
Index 

0.36±0.04 0.36 0.37±0.04 0.36 0.541b d=0.25 

TSK= Tampa Scale of Kinesiophobia, RTP= return to play 
a –p-value based on Wilcoxon rank-sum test. b p-value based on t test 

Table 4. Comparison between RTP and RTP+6 months for the Concussion group           

RTP 
N=12 

RTP+6 months 
N=12 

Mean±SD Median Mean±SD Median 
p - 

value 
Effect 

Size 

Single-Leg Eyes Open Postural Stability 
Index 

11.05±3.23 10.30 10.21±3.10 10.21 0.945a r=0.02 

Single-Leg Eyes Closed Postural Stability 
Index 

20.47±5.78 19.99 17.67±6.02 17.67 0.625a r=0.14 

Single-Leg Dual-Task Postural Stability 
Index 

11.26±3.24 10.21 8.47±3.10 8.47 0.232a r=0.35 

Dynamic Postural Stability Index 0.37±0.04 0.37 0.45±0.06 0.36 0.418b d=0.24 

Dynamic Dual-Task Postural Stability 
Index 

0.37±0.03 0.37 0.33±0.04 0.36 0.087b d=0.54 

TSK-11 17.00±3.92 16.00 13.36±6.85 15.00 0.106b d=0.53 

RTP= return to play 
a –p-value based on Wilcoxon rank-sum test. b p-value based on t test 

DPSI decreasing from 0.37±0.03 to 0.33±0.04, indicating 
enhanced performance (p =0.087, d = 0.54). No significant 
changes were observed in static postural stability measures 
(Table 4). 

DISCUSSION 

This study investigated the relationship between kinesio
phobia and postural stability in adolescent athletes recently 
cleared to RTP following SRC. Consistent with the hypoth
esis, concussed athletes reported significantly higher fear 
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of movement at RTP compared to matched controls. How
ever, contrary to expectations, no significant differences 
were observed between groups in static or dynamic postural 
stability under either single- or dual-task conditions. Clin
ically, this suggests that standard balance tests alone may 
fail to capture lingering neuromechanical deficits linked 
to kinesiophobia. Practitioners can integrate brief fear of 
movement screenings (e.g., TSK-11) into RTP protocols to 
identify athletes who might benefit from targeted cogni
tive-behavioral or graded-exposure interventions, even if 
their objective balance appears restored. Future research 
should evaluate whether early psychological support accel
erates neuromotor recovery and reduces the risk of subse
quent injury and explore more sensitive movement-based 
assessments that combine cognitive load with sport-spe
cific tasks. 

The present results align with prior research demon
strating elevated kinesiophobia in concussed athletes dur
ing the acute and subacute phases of recovery.18,19 The 
observed mean difference in TSK-11 scores between con
cussed and control groups (d = 0.74) represents a moderate-
to-large effect, reinforcing that fear of movement is a 
salient psychological response to concussion. However, un
like studies that have reported persistent dual-task gait im
pairments up to two months post-injury,22,23 the present 
findings did not reveal significant postural stability deficits 
at RTP. This discrepancy may be due to differences in task 
demands, the timing of the assessment, or the compen
satory strategies employed by athletes. 

Specifically, the use of a single-leg landing task with a 
Stroop interference paradigm may have elicited different 
neuromechanical responses than gait-based dual-task as
sessments. While gait tasks often reveal deficits in stride 
variability and center of mass control, the force plate-based 
metrics used in the present study may be less sensitive 
to subtle compensation. It is also possible that athletes 
employed protective neuromuscular strategies, such as in
creased co-contraction of agonist-antagonist muscle 
groups, to maintain postural control under cognitive load. 
This hypothesis is supported by findings in musculoskeletal 
populations, where fear of reinjury has been linked to in
creased joint stiffness and altered muscle activation pat
terns.16,17 However, joint stiffness and muscle activation 
were not measured in the present study, so this explanation 
remains speculative. Such strategies may mask underlying 
deficits, particularly in well-practiced or low-complexity 
tasks. 

Although postural stability did not differ significantly 
between the high and low kinesiophobia subgroups, the 
high-fear group consistently demonstrated worse perfor
mance across all metrics. This pattern mirrors findings 
from anterior cruciate ligament reconstruction cohorts 
where elevated fear of reinjury is associated with poorer 
single-leg hop performance and delayed functional recov
ery.17,30 These results suggest that similar psychological 
mechanisms may be at play in concussion recovery, poten
tially contributing to the elevated risk of subsequent mus
culoskeletal injury observed in this population.2 

At six-month follow-up, concussed athletes showed 
moderate improvements in both TSK-11 scores and dual-
task dynamic postural stability, although these changes did 
not reach a statisticallysignificant difference. The moderate 
effect sizes for TSK-11 (d = 0.53) and dynamic dual-task 
postural stability (d = 0.54) suggest that reductions in ki
nesiophobia and improvements in dual-task postural con
trol may have occurred over time, despite nonsignificant p-
values. These trends may reflect gradual neuromechanical 
recovery and psychological adaptation over time. However, 
the small follow-up sample limits the generalizability of 
these findings. Future studies with larger longitudinal co
horts across a broader age range are necessary to clarify the 
temporal relationship between fear of movement and sen
sorimotor function after a concussion. 

CLINICAL TRANSLATION 

Clinically, these findings underscore the importance of in
corporating psychological assessments into RTP protocols. 
Current guidelines emphasize symptom resolution and ba
sic balance testing,31 but may overlook athletes who are 
psychologically unready to resume sport. Routine screening 
for kinesiophobia using brief, validated tools like the 
TSK-11 could help identify individuals at elevated risk for 
reinjury. Moreover, interventions targeting fear of move
ment, such as graded exposure or cognitive-behavioral 
therapy, may enhance both psychological and physical re
covery. Although the present study utilized force plate-
based measures to quantify postural stability, the underly
ing constructs are clinically translatable. Dual-task balance 
challenges can be implemented using feasible approaches, 
such as single-leg stance tasks combined with cognitive in
terference (e.g., Stroop or verbal tasks), allowing clinicians 
to assess sensorimotor performance without laboratory in
strumentation. 

LIMITATIONS 

The six-month follow-up sample was small and may be sub
ject to selection bias. The average testing interval from in
jury to RTP assessment may reflect variability in recovery 
timelines and participant availability. This could introduce 
sampling bias, as athletes tested at later stages of recovery 
may differ from those assessed earlier, potentially limiting 
internal validity and generalizability. Additionally, this 
variability in testing timing may reflect differences in re
covery trajectory and clinical clearance, which could further 
influence observed outcomes. Second, whereas the TSK-11 
has demonstrated reliability in musculoskeletal popula
tions, its psychometric properties in concussion cohorts re
main underexplored. Further, kinesiophobia was assessed 
via self-report and may be subject to recall and response 
bias. Third, the dual-task paradigm may not fully replicate 
the complex sensory and cognitive demands of sport, po
tentially limiting ecological validity. Relatedly, laboratory-
based assessments may not fully capture performance in 
more ecologically valid or sport-specific environments, in
troducing potential measurement bias. Fourth, the present 
study’s analytic approach excluded trials with touchdowns 
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or large deviations, which may have inadvertently biased 
results toward participants’ most stable performances. It is 
possible that instability in the concussion group manifested 
as touchdowns, and removing these trials reduced sensi
tivity to true between-group differences. In addition, un
measured confounding variables, including prior injury his
tory, rehabilitation exposure, and individual differences in 
recovery, may have influenced both kinesiophobia and pos
tural stability, potentially affecting the observed relation
ships. Finally, the average testing interval (~82 days post-
injury) may have missed earlier windows of instability, as 
prior studies have identified postural deficits within the 
first month post-concussion.22 

Future research should employ multi-site, longitudinal 
designs that include pre-injury baselines, serial post-injury 
assessments, and return-to-sport outcomes. Incorporating 
electromyography could help quantify co-contraction pat
terns and clarify compensatory neuromuscular strategies. 
Additionally, randomized trials evaluating the efficacy of 
fear-targeted interventions on both psychological and bio
mechanical outcomes would provide critical evidence to in
form comprehensive concussion management. 

CONCLUSION 

Athletes recently cleared for RTP following a concussion ex
hibit elevated kinesiophobia, yet traditional postural sta
bility assessments may not detect subtle neuromechanical 
impairments during this phase. While no significant group 
differences were observed in balance performance, consis
tent trends suggest that fear of movement may subtly in

fluence motor control. These findings underscore the im
portance of integrating psychological screening tools, such 
as the TSK-11, into RTP protocols. Future research should 
explore the utility of more sensitive biomechanical mea
sures and evaluate the impact of fear-reduction strategies 
on long-term outcomes. 

CORRESPONDING AUTHOR 

Melissa N. Anderson 
1 Ohio University Drive 
Athens, Ohio, 45701 
m.anderson@ohio.edu 
740-593-4653 

CONFLICT OF INTEREST 

This work was supported in part by Major League Soccer 
(MLS). The authors declare no conflicts of interest related 
to this work. MLS provided support for the study but had 
no role in data analysis, interpretation of the results, man
uscript preparation, or the decision to submit the manu
script for publication. The results of the study are presented 
clearly, honestly, and without fabrication, falsification, or 
inappropriate data manipulation. 

© The Author(s) 

Submitted: January 27, 2026 CDT. Accepted: May 19, 2026 
CDT. Published: July 01, 2026 CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license's legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Psychological and Neuromechanical Recovery After Concussion: Dual-Task Stability and Kinesiophobia fro…

International Journal of Sports Physical Therapy

mailto:m.anderson@ohio.edu
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://creativecommons.org/licenses/by-nc/4.0/legalcode


REFERENCES 

1. Broglio SP, McAllister T, Katz BP, et al. The natural 
history of sport-related concussion in collegiate 
athletes: Findings from the NCAA-DoD CARE 
Consortium. Sports Med. 2022;52(2):403-415. 
doi:10.1007/s40279-021-01541-7 

2. McPherson AL, Nagai T, Webster KE, Hewett TE. 
Musculoskeletal injury risk after sport-related 
concussion: a systematic review and meta-analysis. 
Am J Sports Med. 2019;47(7):1754-1762. doi:10.1177/
0363546518785901 

3. Buckley TA, Howard CM, Oldham JR, Lynall RC, 
Swanik CB, Getchell N. No Clinical Predictors of 
postconcussion musculoskeletal injury in college 
athletes. Med Sci Sports Exerc. 2020;52(6):1256-1262. 
doi:10.1249/MSS.0000000000002269 

4. Claros CC, Anderson MN, Qian W, Brockmeier AJ, 
Buckley TA. A machine learning model for post-
concussion musculoskeletal injury risk in collegiate 
athletes. Sports Med. Published online March 27, 
2025:1-12. doi:10.1007/s40279-025-02196-4 

5. Herman DC, Jones D, Harrison A, et al. Concussion 
may increase the risk of subsequent lower extremity 
musculoskeletal injury in collegiate athletes. Sports 
Med. 2017;47(5):1003-1010. doi:10.1007/
s40279-016-0607-9 

6. Howell DR, Lynall RC, Buckley TA, Herman DC. 
Neuromuscular control deficits and the risk of 
rubsequent injury after a concussion: a scoping 
review. Sports Med. 2018;48(5):1097-1115. 
doi:10.1007/s40279-018-0871-y 

7. Brooks MA, Peterson K, Biese K, Sanfilippo J, 
Heiderscheit BC, Bell DR. Concussion increases odds 
of sustaining a lower extremity musculoskeletal 
injury after return to play among collegiate athletes. 
Am J Sports Med. 2016;44(3):742-747. doi:10.1177/
0363546515622387 

8. Buckley TA, Munkasy BA, Tapia-Lovler TG, 
Wikstrom EA. Altered gait termination strategies 
following a concussion. Gait Posture. 
2013;38(3):549-551. doi:10.1016/
j.gaitpost.2013.02.008 

9. Slobounov S, Sebastianelli W, Hallett M. Residual 
brain dysfunction observed one year post-mild 
traumatic brain injury: Combined EEG and balance 
study. Clin Neurophysiol. 2012;123(9):1755-1761. 
doi:10.1016/j.clinph.2011.12.022 

10. Catena RD, van Donkelaar P, Chou LS. Altered 
balance control following concussion is better 
detected with an attention test during gait. Gait 
Posture. 2007;25(3):406-411. doi:10.1016/
j.gaitpost.2006.05.006 

11. Catena RD, van Donkelaar P, Chou LS. Cognitive 
task effects on gait stability following concussion. 
Exp Brain Res. 2007;176(1):23-31. doi:10.1007/
s00221-006-0596-2 

12. Houston MN, Cross KM, Saliba SA, Hertel J. 
Injury-related fear in acutely injured interscholastic 
and intercollegiate athletes. Athl Train Sports Health 
Care. Published online November 20, 2013. 
doi:10.3928/19425864-20131120-01 

13. Bloom GA, Trbovich AM, Caron JG, Kontos AP. 
Psychological aspects of sport-related concussion: An 
evidence-based position paper. J Appl Sport Psychol. 
2020;0(0):1-23. doi:10.1080/10413200.2020.1843200 

14. Brna ML, Smulligan KL, Wingerson MJ, et al. 
Anxiety, pain, and fear of pain: predictors of postural 
stability after a concussion. Int JSports Med. 
Published online April 1, 2025. doi:10.1055/
a-2558-7690 

15. Miller RP, Kori SH, Todd DD. The Tampa Scale: a 
measure of kinesiophobia. The Clin JPain. 
1991;7(1):51. doi:10.1097/
00002508-199103000-00053 

16. Taniguchi T, Tanaka S, Nishigami T, Imai R, Mibu 
A, Yoshimoto T. Relationship between fear-avoidance 
beliefs and muscle co-contraction in people with 
knee osteoarthritis. Sensors. 2024;24(16):5137. 
doi:10.3390/s24165137 

17. Markström JL, Grinberg A, Häger CK. Fear of 
reinjury following anterior cruciate ligament 
reconstruction is manifested in muscle activation 
patterns of single-leg side-hop landings. Phys Ther. 
2022;102(2):pzab218. doi:10.1093/ptj/pzab218 

18. Anderson MN, Womble MN, Mohler SA, et al. 
Preliminary study of fear of re-injury following sport-
related concussion in high school athletes. Develop 
Neuropsychol. 2019;44(6):443-451. doi:10.1080/
87565641.2019.1667995 

19. Rosenblum DJ, Resch JE. The influence of 
kinesiophobia on time to clinical recovery in 
collegiate athletes with concussion. Sports Med. 
Published online November 21, 2024. doi:10.1007/
s40279-024-02144-8 

Psychological and Neuromechanical Recovery After Concussion: Dual-Task Stability and Kinesiophobia fro…

International Journal of Sports Physical Therapy

https://doi.org/10.1007/s40279-021-01541-7
https://doi.org/10.1177/0363546518785901
https://doi.org/10.1177/0363546518785901
https://doi.org/10.1249/MSS.0000000000002269
https://doi.org/10.1007/s40279-025-02196-4
https://doi.org/10.1007/s40279-016-0607-9
https://doi.org/10.1007/s40279-016-0607-9
https://doi.org/10.1007/s40279-018-0871-y
https://doi.org/10.1177/0363546515622387
https://doi.org/10.1177/0363546515622387
https://doi.org/10.1016/j.gaitpost.2013.02.008
https://doi.org/10.1016/j.gaitpost.2013.02.008
https://doi.org/10.1016/j.clinph.2011.12.022
https://doi.org/10.1016/j.gaitpost.2006.05.006
https://doi.org/10.1016/j.gaitpost.2006.05.006
https://doi.org/10.1007/s00221-006-0596-2
https://doi.org/10.1007/s00221-006-0596-2
https://doi.org/10.3928/19425864-20131120-01
https://doi.org/10.1080/10413200.2020.1843200
https://doi.org/10.1055/a-2558-7690
https://doi.org/10.1055/a-2558-7690
https://doi.org/10.1097/00002508-199103000-00053
https://doi.org/10.1097/00002508-199103000-00053
https://doi.org/10.3390/s24165137
https://doi.org/10.1093/ptj/pzab218
https://doi.org/10.1080/87565641.2019.1667995
https://doi.org/10.1080/87565641.2019.1667995
https://doi.org/10.1007/s40279-024-02144-8
https://doi.org/10.1007/s40279-024-02144-8


20. Lee H, Sullivan SJ, Schneiders AG. The use of the 
dual-task paradigm in detecting gait performance 
deficits following a sports-related concussion: A 
systematic review and meta-analysis. JSci Med Sport. 
2013;16(1):2-7. doi:10.1016/j.jsams.2012.03.013 

21. Talarico MK, Lynall RC, Mauntel TC, Weinhold PS, 
Padua DA, Mihalik JP. Static and dynamic single leg 
postural control performance during dual-task 
paradigms. JSports Sci. 2017;35(11):1118-1124. 
doi:10.1080/02640414.2016.1211307 

22. Howell DR, Buckley TA, Lynall RC, Meehan WP. 
Worsening dual-task gait costs after concussion and 
their association with subsequent sport-related 
injury. J Neurotrauma. 2018;35(14):1630-1636. 
doi:10.1089/neu.2017.5570 

23. Büttner F, Howell DR, Ardern CL, et al. Concussed 
athletes walk slower than non-concussed athletes 
during cognitive-motor dual-task assessments but 
not during single-task assessments 2 months after 
sports concussion: a systematic review and meta-
analysis using individual participant data. Br J Sports 
Med. Published online July 22, 2019. doi:10.1136/
bjsports-2018-100164 

24. Reinking S, Seehusen CN, Walker GA, Wilson JC, 
Howell DR. Transitory kinesiophobia after sport-
related concussion and its correlation with reaction 
time. JSci Med Sport. 2022;25(1):20-24. doi:10.1016/
j.jsams.2021.07.010 

25. Sell TC. An examination, correlation, and 
comparison of static and dynamic measures of 
postural stability in healthy, physically active adults. 
Phys Ther Sport. 2012;13(2):80-86. doi:10.1016/
j.ptsp.2011.06.006 

26. Swinkels-Meewisse EJCM, Swinkels RAHM, 
Verbeek ALM, Vlaeyen JWS, Oostendorp RAB. 
Psychometric properties of the Tampa Scale for 
Kinesiophobia and the fear-avoidance beliefs 
questionnaire in acute low back pain. Man Ther. 
2003;8(1):29-36. doi:10.1054/math.2002.0484 

27. Woby SR, Roach NK, Urmston M, Watson PJ. 
Psychometric properties of the TSK-11: A shortened 
version of the Tampa Scale for Kinesiophobia. Pain. 
2005;117(1):137-144. doi:10.1016/j.pain.2005.05.029 

28. Cohen J. Statistical Power Analysis. Curr Dir 
Psychol Sci. 1992;1(3):98-101. doi:10.1111/
1467-8721.ep10768783 

29. Cohen J. Statistical Power Analysis for the 
Behavioral Sciences. 2nd ed. Routledge; 2013. 
doi:10.4324/9780203771587 

30. Paterno MV, Flynn K, Thomas S, Schmitt LC. Self-
reported fear predicts functional performance and 
second ACL injury after ACL reconstruction and 
return to sport: a pilot study. Sports Health. 
2018;10(3):228-233. doi:10.1177/1941738117745806 

31. Patricios JS, Schneider KJ, Dvorak J, et al. 
Consensus statement on concussion in sport: the 6th 
International Conference on Concussion in 
Sport–Amsterdam, October 2022. Br J Sports Med. 
2023;57(11):695-711. doi:10.1136/
bjsports-2023-106898 

Psychological and Neuromechanical Recovery After Concussion: Dual-Task Stability and Kinesiophobia fro…

International Journal of Sports Physical Therapy

https://doi.org/10.1016/j.jsams.2012.03.013
https://doi.org/10.1080/02640414.2016.1211307
https://doi.org/10.1089/neu.2017.5570
https://doi.org/10.1136/bjsports-2018-100164
https://doi.org/10.1136/bjsports-2018-100164
https://doi.org/10.1016/j.jsams.2021.07.010
https://doi.org/10.1016/j.jsams.2021.07.010
https://doi.org/10.1016/j.ptsp.2011.06.006
https://doi.org/10.1016/j.ptsp.2011.06.006
https://doi.org/10.1054/math.2002.0484
https://doi.org/10.1016/j.pain.2005.05.029
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.4324/9780203771587
https://doi.org/10.1177/1941738117745806
https://doi.org/10.1136/bjsports-2023-106898
https://doi.org/10.1136/bjsports-2023-106898

	Psychological and Neuromechanical Recovery After Concussion: Dual-Task Stability and Kinesiophobia from Return to Play to Six Months
	Background
	Purpose
	Design
	Methods
	Results
	Conclusions
	Level of Evidence
	INTRODUCTION
	METHODS
	Participants
	Experimental Instrumentation
	Experimental Protocol
	Static Postural Stability Testing
	Dynamic Postural Stability
	Kinesiophobia Measure
	Data Processing
	Statistical Analysis

	RESULTS
	Performance at Return to Play
	Fear of Movement at RTP
	Postural Stability at RTP

	TSK- 11 Low versus High Concussed Group
	Performance at Six-Month Follow-Up

	DISCUSSION
	Clinical Translation
	Limitations
	Conclusion
	Corresponding Author
	Conflict of Interest

	References


